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,'thh  stave  falls  power  developnient  of 
western'  canada  power  company,'         - 

LIMITED. 

Rv  R.  V.   HwwARD,  M.Can.Soc.C.E. 

(To  be  read  before,  a  Monthly  Mee;in>f  of  the  Society, 
Oitober  7th,    iQij). 

///.v/or;.  — Thoiio^h  the  first  settler  entered  the  Stave  Lake 
district  over  thirty  ye;ir3  ai^o,  access  wris  so  dirnciilt  that  only  a 
f.'w  families  stayed  on  the  laud,  supporting  themselves  by  hand 
Inj^jjinjij  in  the  immediate  vicinity  of  the  river. 

To  all  practical  purposes  the  valley  of  the  Stave  remained   in 

primitive   state   until   the   formation   of    the   Stave   Lake   Power 

.ip;i!iy  in   iSi)r),  and  to  this  day  the  Upper  Stave  River  has  been 

partly  explored. 

Tlie   first   application    for   a    water    record    at    Stave   Falls   was 

in  iSi).),  for  the  right  to  use  a  how  of  3,150  c.f.s.  (61  cu.  m.  s.) 

('  (levelopment  of  power. 

hi-  Stave  Lake  Power  Company  es"abli5"hed  a  camp  and  s.iw 

It    .Stave    Falls,    opened   up   a    wajifon    road    from   the    C  T'.R. 

n  .-.t   Ruskin  on   the  Eraser  River,   made   surveys  of  the   Lake 

d.iTiisi'e,    established    a  pause    for   recordin.?   the   flow  of    the 

r,  and  built  a  concrete  log  sluice  dam  as  the  tirst  work  in  the 

str\if  tion  of  a  powiT  plant. 

In  June,  Kjoy,  the  property  of  the  S'ave  Lake  Power  Company, 
.imitfd,  was  purchase!  by  ti.e  Western   Canada   Power  Company, 
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,( .lie   tli.m   h.i'l    bi'^n 
•need. 


Lifiiif.il,   aiul   (l,v.-l..;)uifut   on   .1   :: 

font.  Uipl.iti-cl  bv  th-  I'i'-'^T  f""'l^''"''  ''•'-  '•"""""'        ,       ,, 

'  •  ,n    the    full   ..I    i»K)    t..    tlu'    OMMunun. 

l.akr,  iiivolvinK  tbf  fli"'.!- 
ot  l)w  UinK  land.     Alter 


Apiiliotioii    w.i---    ">  ' 
(lov.rnnu'iit  tor  ^'c.ik'-  riKbl>  01.   Stav- 
inL.    >-f   viiuo  .S..—  -u.rf,   (3. -<-><•  hrctareV' 


c..n.icU.rabl.  -b  b.y.  c..u,..l  bv  K  «.>!  <limcuU..s  wh.cb  h.cl  ar^^.n 
Vt.v-.u  tb..  Donuniot,  at>a  I'r.ntt.rial  r.>,v.rn....nt  .a  rc-.p.ct  to  ,be 
J.     na.ran,,,.  „t   u  ,t.r  h  n,K  -tUn  tb.  K:ul..v  U.lt-tb.  appbca- 


■Ih'.^ 


.ui.ni'.irl. 


'v,.-,,.'rn    Caiia.hi    I'owt-r   C.if"'p 


■i> ,    i.iiiiiird,   now   has   tbc 


ii,L;iil  to  sto.    ' ,.  i.aK-,   t  >  rlfveliii)  rmwrrr  at  Stavf  Kal 

•  water  III   *"' 
t'J  a  laijacity  ,.   .\r   j'j.cmo  liorx'-piiwrr,   and   ti>  devebip   a    seioiid 

power    sitf  at     tb'     iiioutb    of     S' tvp     Kiver    to   an   eiiu.d     cajiai  ity. 

IJi>idL's  ha\ini;   thp  ri>,''ht   to  riiak-.-  u*!"  oi  the  water  for  the  develop- 

niinr,   tbe  (ompaiiy   i^   the   rip;tii  .11   owner  of   i)ra(.titaHv    tli,-   whole 

III.  ruin  of  iliH   water  from  the  iip;.'rr  end  of  tbe  lake   to   the   iiioutb 

of  S'.ave   Kiver. 

Active  W(irk  on  tiif  tcjiistn.i  ■ion  fit  a  plant  designed  f(ir  an 
ultimate  capacity  of  $''■"""  biprM;-pi'H  er  wa-  ronimenccd  at  Stave 
I  .dN  e.iih  in  Kji'i,  and  a  stand, ui  .t;.oi^e  railway,  si\  miles  Inn^. 
was  bnilt  to  transport  machinery  r-nri  materials  from  Ku-kin  to  the 
power  site. 

The  first  installation,  consistm.i,'  of  two  »;,f)00  k.w.  units,  was 
put  in  commissiiin  in  Januai\-,  '  112.  .-nd  )>y  tbe  ronuiuuuement 
I'f  iijia  tontiacts  bad  bei'n  enter-d  into  vhi(h  ni.ide  it  netpssary 
fu  romiilfte  tile  S'ave  l"alls  plant  ;o  its  u'tirnate  capacity.'  of  5r,'r>o 
b'jrse  power,  wilbout  dela\  ,  and  to  provide  for  the  construction 
of   a   seCfinl    pkmt   at   the    mouth    f  f   the   Stave    Kiver   within   a    few 


year-    tin'.e.      Contracts   were  pl.ic:  d   for  the 
k.w.    units   early   in    i)i,5. 


third   and   fourth  (),iv-(> 


/.'  fi'fi-ii  ,!)!<{  T''p'<i;r,tpliy.  -.Stave  Lake  is  a  body  of  water  ah 
nine   miles   Ions'   and   one   and    .1    half   miles   wide,    Uinjf   thirty- 
mill  ^   e.i-t    of    \'anc')uvpr,    and    fi'miins    an    imijortant    part   of 
ba-.in    of    tb?    Sta\..    River,    wbii  li    from    it^    Ktacier    source    in. 
nioiititains    to    its    junction    with    the    Frasrr    Kiver    at    Kiiskin 
about    sixty   miles   lon.tr,  .' 

'i'lie  wl.'.le  iif  the  w.itcrshed  i-  termed  by  the  Rranire  moui; 
of   tbe   Coa^t    Kan^fe;    the   lower   part,    includinjj   half   the   lake 
tbe  Lower  St.ive  Kiver,  which  is  twelve  miles  binpr,  has  a  maxi't 
altitude  of  about  -t,oo'>  feet  (i,2or,  iietresl   and  is  heavily  timbered 
the  upper  part  consists  of  ruj;;;ed  mountains  risinp   hiKh  above  t 
tim])pr    line,    and     carrying     perpefi,  I     snow     am".     sm.'iU     niacin 
Miuint   I}ald>',  the  principal   peak   of  the  watershed,   standing  n(\.  _ 
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the  head  of  th>'  >kr  .iiid  ri-iiiK  H)  an  altitiulc  of  over  fi/x*)  fri't 
li,.S(i,.  metro)  w  litn  vuwrd  from  the  river  ur  lake  on  a  fine  day, 
forms  f)ne  of  thr  m(»t  beautiful  pictures  tl-.at  (an  be  found  in 
Hritish   Columbia 

The  dr.'iinaK*'  area  is  !)et\vten  41H)  and  45.1  s(|ii.ire  miles  |i  ■•hj 
to  I, .'()<)  square  kilonwtresl  but  nothing  defini'.  1-  known  about 
this,  as  the  KTeater  part  ol  the  upp'T  watershed  is  iiM^urve\ ed. 
unexplored,  and  is  ,nly  known  in  p.irts  b\  .i  few  hunters,  pro- 
pet  tors  and   timber  rruisers. 

A  survey  of  surh  an  .irea  is  no  Miiall  undertakuijf  .ind  involves 
a   serious  expenditure  of  time  and   mone\. 

The  horizontal  benehes  that  ran  be  seen  on  the  north  side  of 
Burrard  Inlet,  at  Point  Grev,  .it  Mi'^siDU.  ,it  points  .ilonw  the  1- r.iser 
River,  and  aj-aln  at  Port  Antfeles.  on  thi-  south  side  of  the  Straits 
of  S.m  Juiui  de  Fu(a,  >riv<'  i  videnre  that  at  some  period  the  waters 
of  the  Straits  of  Georgia  were  some  :;5o  feet  (75  ms. )  above  the 
present  sea  level,  held  ba(  k,  iierh.ips.  bv  a  pre, it  R-lacier.  At  this 
period,  ail  the  valleys  to  the  north  of  the  Fra-er  River  were  filled 
with  Riacieis,  which  built  up  terminal   moraines  to  about  this  level. 

The  jflacier  of  the  St.ive  must  have  terminated  at  llatzic 
Prairie,  where  now  tan  be  dearly  seen  the  line  of  the  terminal 
mor.iine  across  the  valley  five  miles  wide.  .As  the  placier  receded 
this  moraine  formed  a  natural  dam  which  held  the  lake  to  an 
elevation  of  about  -ioo  feet  (()o  ms. )  above  sea  level.  The  benches 
alonjr  the  lower  Stave  River  show  that  this  lake  extended  nearly 
to  the  mouth  of  the  river,  and  it  is  cleai  that  durinjf  this  period 
vast  deposits  of  clay,  Rl.irlal  meal,  and  sand  were  laid  down  in  the 
still  waters,  while  boulders  were  deposited  promiscuously  by  float- 
ing: ice. 

Later  on  as  the  siltinK  process  rai>ed  the  level  of  the  lak. 
an  outlet  was  found  over  the  bench  which  can  be  seen  about  one 
mile  north  of  the  Canadian  Pacific  R.iilway  bridge  over  the  Stave 
River.  The  water  found  its  o  let  at  a  point  '..he-i'  the  silt  deposit, 
bcinR-  in  a  comparatively  thin  laye-  on  the  lop  of  i  jjranite  bluff, 
was  easily  eroded,  and  once  started  it  continued  »o  flow  over  the 
rock,  fi-radually  washing  out  a  Korjje  lOo  feet  l4,S  ms. )  deep  in  the 
solid  uraiiite  instead  of  cuttintf  its  way  th'  lujfh  the  deep  layers  of 
comp.'irativeh-  soft  deposit  only  a  few  hundred  fi-et  away.  .\s  the 
rnfk  was  cut  awa\-  by  the  ;iction  of  the  wat(>r,  the  level  of  the  lower 
p.irt  of  th'  /ake  was  reduced  by  successive  ^t.ijfcs,  leavinjj  several 
w<ll    dt  fined    benches    in   the    v.illey    below    the    lake. 

Between  the  Fraser  River  and  the  lake,  in  a  distance  of  twelve 
miles,  there  are  four  points  where  in  the  same  manner  the  action 
of  the  elements  has  produced  such  perfect  hydrauln    fills  that  the 


a^^ 


floods  of  aijes  havr  found  it  easier  to  ppnrtratc   the  solid  Rr 
than  nature's  earth  works 

Add  to  these  the  natural  dams  formed  by  Ioks,   driftwoot 
silt  deposit,  and  th<'  heavrr  dams  with  whirh  this  district  aboi 
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and   engineers   will   find   enough  natural   hydraulic   works   c 
Stave  River  to  afford  much  profitable  study. 

In  its  natural  state  the  water  level  of  the  lake  at  low 
stands  about  230  feet  (70  ms. )  above  mean  sea  level,  and  in 
about  15  feet  higher  than  this.     If  the  hvel  of  the  lake  wire 


•  solid  granite 

driftwood  and 
strict  abounds, 


:    works    on    the 

ce  at  low  stage 
el,  and  in  flood 

lake  wt  re  raised 


Fig.  t. 


120  feet,   the  water  would  find  an   outlot   into   the  ancient  cl 
through   Hatzic  Prairie. 

The  present  works  are  designed  to  raise  the  level  thirt 
(0  ms. )  above  low  stage,  and  at  some  future  date  they  may  b( 
to  raise  it  forty  feet  (12  ms.),  but  any  further  increase  in  <le 
would  not  be  feasible  from  a  financial  standpoint. 

The  river  from  the  lake  to  Stave  Falls  is  about  250  feet  (71 
wide  and  nearly  constant  in  width,  except  where,  at  the  C 
flows  between  two  rock  ledges  only   100  fe.      i  50  ms. )   apart. 

The  natural  fall  from  the  lake  to  the  head  of  the  f: 
14  feet  (4.3  ms.)— the  whole  of  this  fall  occurring  in  a  ser 
rapids  extending  over  one  and  a  half  miles  of  river.  The  rest 
;evcn  miles  of  the  river  between  the  lake  and  the  f.ills  is  navi 
and  runs  from  fifteen  to  thirty  feet  deep. 

-At  the  falls  the  river  is  separated  bv  an  i-land,  int( 
channels.  The  intake  dam.  power  house  and  tailrace  are  bi 
the  westerly  channel,  while  the  e.isterly  or  main  channel  is 
by  a  log  sluice  dam.  .Another  old  channel  cIos.mI  b'.  !ojt  jam 
beaver  dams  many  years  ago.  is  situated  about  a  qu.nur  of  ; 
to  the  east  of  the  falN.  This  channel,  known  as  the  Blind  St 
is  t'l  be  utilized  for  flood  discharge,  when  the  works  are  (  omr 

From  still  water  above  the  head  of  the  falls  to  the  pool  , 
foot,  there  was  a  drop  of  So  feet  (24  ms. )  with  a  further  f 
45  feet  (13.5  ms.)  in  the  half-mile  of  river  inimediatelv  below, 
this  point  the  river  runs  over  boulders  in  a  continuous  seri 
rapids  until  it  debouches  through  the  rock\-  gorge,  in  whic 
lower  plant  is  to  be  built,   into  the  tide  flats  at   Huskin. 

The  total  fall  available  for  power  purposes  between  the 
to  which  the  lake  is  to  be  raised  by  the  works  now  under  con 
tion,  and  the  low  water  of  the  Fra'^er  River  is  about  250  fee 
ms.)  of  which  120  feet  (36  ms.)  will  be  utilized  in  thi>  present  ■ 

The   fall  of   130  feet    (41  ms.)    available   below   the  upper 
can  be  developed  by  the  construction   of  a  dam   in   the  rock   s 
which    will   form   a    reservoir   about    3';    miles    long,    and    will 
the  water  to  the  tailrace  level  of  the  upper  i)lant  ;   or  it   ma\ 
more    economical    to    make    the    devi'lopnunt    in    two    power   h 
each  operating  under  65  ft.   head   (  i().S  ms.).      Investigations 
spcct  to  this  lower  development  are  now  in  progress. 


.9«r7'i?r,f.— The  original  surveys  were  m.ide  to  an  ass 
datum  approximatelv  30  feet  above  mean  sea  level.  In  Jan 
H)i3.  the  W(-stern  Canad.i  Power  Company,  Limited,  adoptc 
metric  system  for  its  development  v.ork.  .Tnd  .1!!  iiirvevs;  made 
are  referred  to  mean  sea  level  datum. 
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Table  I.  gives  the  elevation  of  the  principal  features  and 
structures,  both  on  the  old  and  new  surveys : — 

TABLE  I. 

Ei.EV.ATIONS   .^T   ST.AVE   F.\I.I.S  AND  VlClNITV. 

On  old  Survey       On  new  Survey 
Datum  in  feet.     Datum  m  meters. 
Mean  Sea  Level     29  o 

Mean  Tide,  L.  W.  Eraser  at  Ruskin   24  1.53 

H.   VV.  Eraser  River  at  Ruskin     6  7.01 

C.P.R.  Bridge  at  Ruskin     i  q.  15 

Tail  Water  Stave  Ealls,  at  Power  House.  ...  no  42.38 

Bed  of  River  at  Damsite    170  60.66 

Stave  Lake,  Extreme  Low  Level    107.5  6(3.04 

"          "               "       High  Level      214.5  74-23 

"          "       Normal      Level      (River      dis- 
charge). Mean  F"low    201.7  70.33 

Flow  Line  at  Intake  Dam,  January,  1914...  215  74-38 

"        "     "         "          "              "         1915...  220  75-90 

"         "     "         "          ■'              "         1916...  230  78.95 

"     "         "          "      Ultimate      240  82.00 

IVtiter  Supply. — Prior  to  1911,  when  the  Dominion  Government 
organized  a  hydrographic  survey  of  the  Railway  Belt,  very  little 
reliable  information  existed  in  respect  to  the  precipitation,  runoff, 
and  flood  discharge  of  the  drainage  areas  of  British  Columbia,  and 
engineers  who  were  called  upon  to  investigate  or  carry  out  new 
projects,  were  forced  to  base  their  estimates  on  assumptions,  that 
in  many  cases  were  little  better  than  mere  guesses. 

The  only  data  that  was  at  all  reliable  was  to  be  found  in  the 
records  of  the  few  companies  who  had  actually  carried  out,  or  were 
carrying  out,  developments  in  this  region. 

It  was  fortunate  that  the  development  of  the  Stave  Falls  project 
was  delayed  for  a  number  of  years  after  its  inception,  and  that  dur- 
ing these  years  some  valuable  water  records  were  obtained.  It  is 
ptill  more  fortunate  that  the  records  obtained  during  the  past 
four  years  have  shown  that  the  assumptions  made  on  the  basis  of 
the  information  available  in   1909  have  proved  to  be  fairly  correct. 

To  intelligently  lay  out  a  hydro-electric  development  the  follow- 
ing information  in  respect  to  the  watershed  should  b.   available;  — 

(i)  The  precipitation  at  the  point  of  diversion  for  a  series  of 
years. 

(2)  The  relation  between  the  precipitation  at  the  point  of 
diversion  to  the  average  precipitation  over  the  whole  watershed. 
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(3)  The  effect  of  snow  fields  ;ind  glaciers  in  regulat 
flow  of  the  river. 

(4)  The  effect  of  forest  cover,  aiid  underground  sto 
maintaining  the  flow  through  the  winter  months,  and  pr( 
the  formation  of  ire. 

(5)  The  relation  of  the  runoff  to  the  rainfall. 

(d)  The  (>fTert  of  the  natural  storage  of  tho  lakes  in  th 
shed  in  modifying  the  flood  discharge,  and  the  amount 
maximum  flood  disc  harge  possible  if  the  modifying  influcnc 
lakes  were  removed. 

(7)  The  amount  of  storage  retiuired  to  utilize  the  mt 
of  the  ri  .'er. 

(N)  The  cost  of  obtaining  storage  to  various  amount 
the  maximum   it  is  possible  to  develop. 

(0)  The  economical  point  of  development  taking  ir 
sideration  the  ccst  of  the  works,  and  the  amount  of  water  a' 

RiiiiifnlL — .A  rain  gauge  was  established  in  i()0()  at  Sta\ 
and  the  records  from  this  are  the  "nly  measured  records 
fall  r>n  the  watershed.  .Arrangement  are  being  made  to  c 
a  second  rain  gauge  at  the  head  of  the  lake,  but  there  s 
be  no  s.itisfactory  way  to  record  snowfall  without  an  atter 
the  station — and  for  five  months  in  the  \ear  the  i>recipit 
this  point  is  in  the  form  of  snow. 

The  records  obtained  from  the  Stave  Falls  gauge  coir 
closely  with  those  obtained  at  the  Government  station  a 
Xicomen,  that  it  has  been  ijossiblc'  to  compute  from  them  t 
fall  at  Stave  Falls  for  the  past  twenty  years,  which  is  givei 
following'  table:  — 

T.ABT.E  IT. 


.\\NrAr.   PREril'ITATION   .\T   St.we    F.m.i.s. 


Year. 

I  S()4 

iS()7 
|S,,,S 
iS()i) 

l()00 
ICjOl 

ir)02 
IQO^ 
1004 


Inches 

in;. 2 
S  ;.  , 
86.-; 

;')■; 

S7.0 
.S7.0 

"7-3 
,%.,S 

75-4 


Cms. 
-:4i)-,', 
272.0 
210. <) 

2I().4 

202.4 
11)5.1 
220. 1) 
220. (I 
211.3 
I  of).  2 
220.^ 
101.5 


Year. 

1005 
I  ()'  16 
Hjo; 
1  f)o8 

IQOQ 

lO'o 
I()II 
IOI2 
I()I3 


Inche- 
;i-5 
75-5 

(x).  I 

76.1 

00.7 

7.^.1 
f,7.S 
7S.S 

So.  7 
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nche- 

Cms. 

;i-5 

iS,.7 

75-5 

101.7 

6-,.() 

162.3 

()<).  1 

175.6 

76.1 

IQ."!-.? 

00.7 

^^o.^ 

7.V3 

I  Sft. : 

67.  R 

172.2 

7S.5 

lOOS 

80.7 


204.0 
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It  will  be  noted  that  with  the  exception  of  1S94,  the  year  of  the 
great  ilood  on  tlie  Fraser  River,  the  variation  of  rainfall  in  any 
year  is  no  greater  than  22  per  cent,  above  or  21  per  cent,  below  the 
mean  for   twenty  years. 

It  will  be  observed  that  low  rainfall  years  do  not  ahvays  come 
singly,  from  which  it  follows  that  to  utili/.'  a  mean  flow  of  several 
years  would  involve  s..)rage  extending  ov  r  a  pf  riod  of  two  and 
pos>  ily  three  years.  This  is  not  tinan(  i.illy  feasible  even  though 
it  were  physically  possible. 

Conse(iuently  the  \  i  ar  of  lowest  runolT  must  be  taken  .is  the 
basis  for  development.  The  year  of  lowest  rainfall  is  not  neces- 
sarih'  the  year  of  lowest  runoff — for  inst.mce  the  rainfall  in  11)17 
was  O3.0  inches  (162.3  cms.) — but  the  lowest  runoff  occurred  in 
if)ii.  with  a  rainfall  of  73.3  inches.  (1S6.2  cms.).  This  is  probably 
due  to  a  difference  in  summer  temperature,  causing  a  greati'r  melt- 
ing of  the  snowfields  in   1007  than  in   i()ii- 

The  mean  monthly  precipitation  at  Stave  Falls  is  given  in  the 
first  column  of  Table  III.  The  highest  precipitation  comes  in 
November,  and  the  lowest  in  Juh'  and  .August. 

During  January,  February,  and  part  of  ^larch,  the  whole  of  the 
watershed  is  usual. y  under  snow,  and  from  October  to  May  the 
precipitation  on  the  higher  levels  is  all  in  the  shape  of  snow,  except 
for  one  or  two  days  in  October  and  November,  when  heavy  warm 
rains  fall  over  the  greater  part  of  the  watershed  to  cause  the  rapid 
melting  of  fresh  snow. 

Rinwff. — A  gauging  station  was  established  on  the  Stave  River 
at  a  point  about  2,000  feet  above  the  falls  in  1001,  and  the  gauge 
heights  were  recorded  daily  from  1005  until  October,  iQi',  when  the 
closing  of  the  dam  rendered  the  gauge  useless. 

While  this  station  was  not  rated  as  completely  as  might  have 
been  desired,  it  appears  that  such  gaugings  as  were  made  were 
carried  out  carefullv. 

Gauges  to  record  the  level  of  the  river  were  also  ret  up  at  the 
foot  of  the  lake,  and  half  wa\-  between  the  lake  and  the  falls. 
These  were  read  dail\-  for  nearly  two  years,  and  the  records  have 
supplied  much   information   in   respect   to  the  flow  of  the  river. 

.■\  new  gauging  station  about  half  a  mile  below  the  falls  was 
established  in  the  summer  of  njio,  and  rated  by  a  long  series  of 
current    meter    measurements. 

The  measurement  of  the  higher  floinl  di--(  barge  ha--  been  diffi- 
cult to  secure,  as  the  river  velocities  in  flood  are  too  great  for 
current  meter  work,  but  it  has  been  possible  to  calculate  the  dis- 
charge through  the  sluiceways  of  the  dam  by  weir  formulfe  with 
reasonable  accuracy. 
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The  collecting  and  checking:  of  all  these  records  have 
a  large  amount  of  careful  work,  the  principal  results  of  v 
set  forth  in  Table  III. 

T.ABLE  III. 

Table  of  Runoff  .*nd  Precipit.xtion  D.^t.v. 


Mean  Monthly 
Precipitation 
at  Stave  Palls, 
in  Inches 

Units  in  c.  f.  s.  sq. 
Drainage  Basi 

mile  of 
n 

Runoff  as  %  of 
Precipitation 
at  Stave  Palls 

i4t 

Mean 

Monthly 

Runoff 

6.16 

Alinimum 

Monthly 

Runoff 

Lowest 

Year  of 

Runoff 

1911 

4.42 

%  of  Pre< 
tion  at  S 
Falls  rem 
as  Snow  i 

Jan. 

8.87 

.3.20  (-07) 

81% 

80% 

Feb. 

7.39 

5.97 

2.19  ("11) 

2.19 

84% 

77% 

March 

5.84 

6.01 

1.66  (12) 

5.17 

99% 

62% 

April 

3.95 

7.62 

4.05  (12) 

5.66 

215  % 

May 

.-).06 

11.24 

7.78  ('05) 

12.62 

256% 

June 

.3.35 

13.11 

10.01  (0.5) 

13.75 

436% 

July 

1.80 

10.10 

6.37  (M2) 

11.59 

577% 

August 

287 

6.09 

4.18  ('05) 

5.53 

24-.% 

Stpt. 

5.23 

8  70 

3.71  (01) 

8.25 

186% 

Oct. 

S.15 

9.48 

2.57  (07) 

4.48 

134% 

27% 

Nov. 

1341 

16.59 

5.43  (05) 

9.84 

138% 

23  % 

Dec. 

9.32 

7.51 

5.99  (12) 

7.38 

93% 

68% 

Mean  Annuil  Precipitation   75.4  inches. 

Mean  .-\nnual  Runoff 9.0  cu.  ft.  per 

sq.    mile    1 
aria. 
Ratio  of  Mean  Annual  RunofT  to  Mean  .Annual  Precipitation. 

Note.— Th»  above  figures  are  based  upon  an  estimatcil  drainage  area  of 
miles  and  are  subject  to  modiflcation  on  the  completion  of  proper  watershc 
Figures  for  precipitation  and  runoff  are  based  on  records  extending  over  p 
and  from  May  190.i  to  September  1913  inclusive. 
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%  of  Precipta- 
tion  at  Stave 
Falls  remaining 
as  Snow  Storage 

%  of  Total 
Snow  Storage 
melted  during 
each  Summer 
Month 

80% 

77% 

62% 

7.6% 
17.0% 
32.6  % 

29.7% 
8.5% 

4.6% 

27% 

23% 

68% 

inches. 

:u.  ft.  per  sec,  pel 

q.    mile    drainage 

ria. 

ripitation.  . . .    i.fji 


laRe  area  of  450  square 
'er  watershed  surveys, 
iding  over  part  of  1901 


The  first  column  in  this  table  sives  the  mean  monthly  pre- 
cipitation at  Stave  Falls  in  inches. 

The  second,  third  and  fourth  columns  give  respectively  the 
mean  monthly  runoff,  the  minimum  monthly  runoff,  and  the  monthly 
runoff  for  lyii,  (the  lowest  year)  in  cubic  loet  per  second  per 
square  mile  of  drainage  basin,  the  area  of  the  drainage  basin  beinj; 
assumed  at  250  square  miles. 

The  fifth     column     gives  the  monthly  ratio  of  runoff  to    ) 
cipitation,  and  the  sixth  and  seventh  give  an  indication  of  the  efi   ct 
of  snow^  storage  upon  the  runoff. 

The  mean  annu.il  runoff  is  very  nearly  4,000  ru.  f<»et  per 
second  (114  cu.  ms.  per  second),  and  in  the  lowest  year  on  .ecor-' 
(iQii),  the  mean  annual  runoff  was  3,40'i  sec.  feet  (07  cu.  ms.  per 
se-ond). 

The  mean  annual  runoff  m>  asured  in  cubic  feet  per  second  per 
square  mile  of  watershed  is  perhaps  the  most  important  figure 
in  relation  to  other  developments.  If  this  figure  were  known  for  a 
few  more  of  the  watersheds  of  British  Columbia,  the  runoff  ot  any 
drainage  area  could  be  predicted  fairly  closely. 

From  ihe  data  at  preseiit  available  it  appears  that  the  mean 
annual  runoff  on  the  Coast  Range  from  Portland,  Oregon,  to  Prince 
Rupert,  ranges  from  4.5  to  in  '  ubic  feet  per  second  per  square 
mile  of  watershed  (50  to  no  litres  per  sq.  kilom.),  generally  tend- 
ing towards  the  lower  figure  for  watersheds  on  Vancouver  Isla'.id, 
and  the  State  of  Washington,  and  towards  tht  higher  figure  for  the 
Western  slopes  of  the  Coast  Range  of  British  Columbia. 

In  the  Stave  Lake  watershed  the  annual  runoff  per  square  mile 
cannot  be  known  until  the  drainr.ge  arei  is  finally  determined,  but 
upon  the  assumption  of  450  sq.  miles  (1,165  '^Q-  kiloms.)  the  mean 
annual  runoff  comes  out  at  S.q  cu.  ft.  pt.  second  per  square  mile 
(qS  litres  per  sec.  per  sq.  kilom.),  and  the  minimum  annual  runoff 
(iqii)  at  7.6  (83  litres  per  sec.  per  sq.  kilom.).  If  the  drainage  area 
proves  to  be  only  400  square  miles  (1,036  sq.  kilom.)  these  figures 
will  be  increased  to  10  cu.  ft.  and  8.5  cu.  ft.  per  second  per  square 
mile  (no  and  04  litres  per  sec.  per  sq.  kilom.). 

The  relation  between  mean  annual  runoff  and  the  mean  annual 
precipitation  is  important,  but  cannot  be  compared  with  similar 
ratios  obtained  ^rom  eastern  waterr.heds,  because  the  precipitation 
is  only  known  in  this  case  for  one  point  in  the  drainage  basin. 

For  the  .Stave  Lake  drainage  area  the  ratio  between  the  mean 
annual  runoff  (assuming  450  sq  miles  of  area)  and  the  mean  annual 
precipitation  at  Stave  Falls  is  1.61,  which  indic.ites  how  much 
greater  the  precipitation  must  be  over  the  upper  watershed  than  is 
measured  by  the  gauge  at  Stave  Falls. 


Tabic  I\'.   jiivcs    the  same  liata    an   Table    III.    .n   the 
system. 

The  relation  lictween  daily  precipitation,  temperature  ; 
off  is  shown  in  Fip.  3,  which  pives  for  the  niont'is  of  1 
November  and  December.  lou,  not  only  the  observed  ri 
charge,  which  is  modified  by  the  natural  lake  control,  but 
calcula*  .1  runoff  and  the  river  discharge  with  the  lake  ma 
at  constant  level. 


TABLE  I\ 

r 

-  - 



—    _  --  - 

-     ..    _ 

Mean  Monthly 
Procipit&tion 

Units  in  litres/ 

■ec.  /  sq.  kilom.  of  drainag 

,     at  Stave  Falls 
1           in  cms. 

Mean  monthly 
runoff. 

Minimum  month- 
ly runoff. 

Lowe 
runo 

Jan. 

2-2.i)4 

67.4 

.S5.20 

4 

Feb. 

18.77 

66.3 

24.09 

2 

March 

14.83 

54.8 

18.26 

5 

April 

10.03 

83.4 

44..->5 

6 

May 

12.85 

123.0 

85.58 

13 

June 

8,51 

143.4 

110  11 

15 

July 

1            4.57 

110  4 

70.07 

12 

Aug. 

7.28 

66.5 

45.9L- 

6 

Sept. 

13.28 

95.1 

40.81 

9 

Oct. 

20.70 

1037 

29.37 

4 

Nov. 

31.06 

181.3 

59.73 

10 

Dec. 

>         23.67 

1 

82.1 

85.89 

8 

Mean   loi.i. 

I  inch  =  2.54  c.   ms. 
I  cu.   ft.   per  sec.   per  s(|.    mile  = 
kilom.  approximately. 


I    litres  per  sec. 


T/ie  U'dter  Year. — For  the  Coast  Kanpe  of  British  C 
the  water  year  should  be  taken  from  October  ist  to  Se] 
because  the  end  of  Septem.ber  is  usually  the  time  when  t'.e 
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II.    .11   the    metric 

poruturc  and  run- 
)nt'.is  of  October, 
jscrved  river  dis- 
itrol,  but  also  the 
1-  lake  main  ..ined 


1.  of  drainage  hasin. 


th-  t    Lowest  year  of 
runoff.    1911. 

48.62 

24.09 

1 

j           56.8" 

62.26 

138  82 

151.25 

127.49 

60.83 

90.75 

49.28 

108.24 

81.18 

per  sec.   per   ^. 


British  Columbia 
1st  to  Sept.  3nth, 
when  t'.e  drainag-e 


area  holds  the  least  quantity  of  water,  th.it  is  to  s;  y,  the  snow  fields, 
glaciers,  lakes  anc*  underground  waters  are  drained  to  their  lowest 
about  that  time. 

Thi'    fall    rains   commencing    nftcr    October    ist    replenish    the 
snow  fields  and  saturate  the  ground  under  the   forest   cover.      The 


Run-off  a.  Meteokouooical  Data  at  Sta/c  Falls. 

Fi»vnc  3. 


heavy  rains  of  November  which  are  often  very  warm,  melt  a  large 
amount  of  fresh  snow,  and  finding  the  .  .  Mge  ground  saturated 
run  off  rapidly  and  produce  the  highest  freshets. 

Towards  the  end  of  December  the  ground  is  saturated,  the 
lake  is  filled  up,  and  the  river  flow  is  about  equal  to  the  mean  flow 
of  the  vear. 
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Janiiary,  February  and  March  bring  snow  which  does 
and  the  runoff  is  supplied  partly  from  the  underRrouni 
partly  from  the  natural  storage  of  the  lake,  which  gradual 
in  level.  Although  the  temperature  stays  about  zero  (Fal 
times  for  a  week  at  a  time,  the  inflow  of  warm  undergro 
is  suflficicnt  to  prevent  the  formation  of  any  ice  on  the  r 
natural  state. 

By  the  end  of  March  the  ground  waters  have  dr; 
the  lakes  are  at  lowest  level,  and  the  runoff  is  the  smal 
year,  the  river  flow  going  as  low  as  750  cu.  ft.  per  seco 
nis.  per  sec.)  for  a  few  days  at  a  time.  The  lowest  mea 
runoff  is  2,250  cu.  ft.  per  second  (63.7  cu.  ms.  per  sec 
lowest  monthly  runoff  of  record  (Feb.  IQI  i )  was  ()S5  ( 
sicond  (28  cu.  ms.  per  sec.) 

In  April  the  snow  begins  to  melt  on  the  lower  levels, 
June  and  Julv  are  the  months  of  greatest  snow  runoff.  T 
Ijeriod  it  is  seldom  that  any  high  freshet  occurs,  but  t 
the  river  is  uniformly  high,  gradually  rising  to  a  maxin 
end  of  June,  and  slowly  falling  off  through  July,  Ai 
September. 

With  comparativeh-  unimportant  variations  the  cycle 
follows  year  after  year. 

Flood  Disc/i(irf;e.—SUwc  Lake  in  its  natural  conditi 
area  of  approximately  11  square  miles  (28  sq.  kiloms 
large  enough  to  exert  a  very  great  modifying  influence  o 
discharge  of  the  lower  river.  The  conditions  of  the  sevf 
riv  ;r  between  the  lake  and  the  falls  are  such  that  tl 
hydraulic  gradient  of  the  river  is  nearly  constant  at  all 
flow.  For  every  foot  of  rise  in  the  river  at  Stave  Falls 
(ovresponding  foot  of  rise  in  the  lake,  consequently  whi 
freshet  flows  into  the  lake  from  the  Upper  Stave  Rive 
gradually  rises  and  the  outflow  gradually  increases  unl 
mum  outflow  is  reached  with  the  lake  level  from  12  to  15 
low   stage,   after   which   the  lake   and   river   slowly   fall 

A  rainfall  of   i   inch    (or   i   cm.)   over  the  whole  dra 
is  equivalent  to  .3.5  ft.    (or  42  cms.)   in  depth  of  the  l:i 
the  natural  storage  of  the  lake  will  modify  a  flood  to  th 
holding    back    the    equivalent    of    4    inches    (10.2    cms.) 
over  the  whole  drainage  area — or  a  flow  of  48,000  cu.  ft. 
(1,360  c.   ms.  per  sec.)   for  24  hours. 

The  highest  observed   flood  discharge  occurred   in 
ivco,   and   reiirhrd   a   maximim  of   37,400   cu.   ft.   per   set 
cms.  p.  sec.)  and  on  October  13th,   1013.  ^  flood  reachi 
mum  of  36,000  cu.  ft.  per  second  (1,020  cms.  per  sec.)  o 
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The  effect  of  the  lake  on  the  flood  control  is  shown  very 
clearly  by  the  diagram  Fig.  4,  which  shows  the  observed  rise  and 
fall  of  the  Hood  of  November,  iqaj,  and  the  discharge  that  would 
have  obtained  if  the  lake  had  been  maintained  at  constant  level. 
From  this  it  can  be  seen  that  the  maximum  inflow   was  63,otx>  cu. 


f  per  second  (i./Sn  cu.  ms.  per  sec.)  or  nearly  twice  as  great  as 
the  observed  maximum  discharge.  This  corresponds  to  a  flood 
runoff  of  140  cu.  ft.  per  second  per  square  mile  (i,530  litres  per 
Ml.  kiiom.)  of  watershed,  on  the  assuinption  of  450  sq.  miles  of 
drainage  area. 
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The  spillway  capacity  of  a  dam  must  be  based  upon 
fiKures,  and  not  upon  the  observed  flood,  as  a  heavy  fli 
occur  when  the  reservoir  was  full. 

In  the  designs  of  the  dams  at  Stave  Falls  a  flood  di< 
100,000  cu.  ft.  per  second  (3,000  cu.  ms.  per  sec.)  is  beinj 
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Figure  5  is  a  diagram  showing  the  average  number 
during  the  year  that  the  flow  into  the  reservoir— that  is, 
runoff,   exceeds  any  given  amount.     It  is  based  on  record 
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ist'd  upon  these  last 
heavy  flood  mi^^ht 

I  flood  discharge  of 
. )  is  being  provided 


floc'J  seasons  of  ten  years,  and  pives  sonie  sort  of  guuU'  to  the 
probabilities  of  freshets. 

The  control  of  these  floods  is  a  matter  that  has  required  \  ,y 
serious  consideration.  The  lake'  in  its  natural  state  is  a  very  per- 
fect flood  controller — but  when  turned  into  a  reservoir  it  ceases  to 
be  a  flood  controller  unles-  the  water  is  allowed  to  rise  some  eight 
to  ten  feet  above  the  normal  high  water  operating  level. 

A  dam  with  a  spillway  not  exceeding  300  to  400  feet  in  length 
would  control  the  flood  discharge  in  the  same  way  as  the  lake  in 
its  natural  state,  because  the  lake  would  have  to  rise  and  so  store 
flood  water  before  the  spillway  could  discharge  to  its  full  capacity, 
and  so  the  maximum  flow  over  the  spillway  would  ha  much  smaller 
than  the  maximum  run  into  the  reservoir.  This  would  form  a 
perfect  automatic  control,  but  at  the  sacrifice  of  valuable  storage 
capacity. 

If  the  spillway  was  infinitely  long,  the  lake  could  not  rise,  and 
the  maximum  discbarge  over  the  spillway  might  be  equal  to  the 
maximum  run-in.  With  a  spillway  1,000  feet  long  or  more,  a  dis- 
charge equal  to  the  maximum  run-in  would  have  to  w  handled 
whenever  a  flood  came  when  the  reservoir  was  full. 

But  sooner  or  later  storage  capacity  becomes  too  valuable  to 
sacrifice  for  flood  control,  and  the  reservoir  is  held  for  operating 
a  purposes  to  the  highest  level  for  which  the  structures  are  safe. 

Consefiuently,  sluice  gates  or  automatic  flash  boards  must  be 
provided  to  keep  the  level  constant,  and  these  must  be  made  of 
sufficient  capacity  to   take   care    of   the  biggest   run-in   possible. 

Artificial  Storage. — Figure  2  is  a  plan  of  Stave  L;.ke,  and  the 
adjacent  low-lying  land  which  will  be  flooded  by  the  construction 
of  a  storage  dam  at  Stave  Falls.  Th  ^  heavy  black  line  shows  the 
area  submerged  when  the  water  is  raised  40  feet  above  natural  low- 
water  level  (elev.  82  m. ).  The  naturil  area  of  the  'ike  is  11  square 
miles  (28  sq.  kiloms.).  The  area  at  the  240  ft.  (S:  m.),  contour  is 
24  sq.   miles   (62  sq.  Kiloms.). 

Figure  6  shows  the  storage  capacity  of  the  reservoir  at  various 
heights.  In  order  to  determine  what  storage  capacity  should  be 
provided  in  order  to  utilize  the  mean  runoff  of  the  watershed  for 
the  lowest  year,  viz.,  3,400  c.f.s.  (97  c.  m.  per  sec.)  in  iQH,  the 
following  procedure  was  followed  : — 

.-\  mass  diagram  was  constructed  from  the  runoff  records,  and 
from  this  diagram  it  was  found  by  the  usual  method  what  mean 
number  of  times  A  flow  could  be  utilized  for  varying  storage  capacities.  Curves  were 
-that  is,  the  total  90  ^^('^  constructed  foi  each  of  the  years  from  iqos  to  1013  inclusive 
on  records  of  the       '^^m  '^iff-  7)  showing  the  mean  flow  per  square  mile  of  drainage  area  as 
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ahscissae,  and  the  storaKC  required  in  acre  fret  pi-r  squan 
urdinates. 

FiBurc  8  is  a  series  of  similar  curves  plotted  to  meti 
The  Kener.il  shape  of  these  curves  shows  c  le;irlv  the  limit 
which  storaRc  does  not  increase  the  mean  flow. 
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STORAGE    CAPACITY  OF  RESERVOIR 
F16UIK.    6. 

Taking   I'-ie  curve  for   ujii — the  nie.in   runoff  for  the 
3,401)  cu.   feet  per  second   (07  c.   ms.),  or  7.6  c.f.s,   per  sqi 
of  watershed    i S ;   htic^   m-c.    pt-r   iCj.   k:'u'-m.). 

To    utilize    the    whole    of    this    would    require    a    dam 
elevation   23^   fcLt    (Si    ms.),    having  a   storajfe   capacity   o 
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F  for  the  year  was 
s,  per  square  mile 

p   a    dam    built    to 
apacity  of  370,000 


acre  feet  (456.000,000  ru.  ms.)— or  about  Son  acre  fret  per  square 
mile  (381,000  ru.  ms.  per  sq.  kilom.)  of  drainaRe  area,  whirh  i« 
nearly  15  per  tent,  of  the  annual  runoff. 

With  the  dam  built  to  elevation  210  feet  (70  nis.),  a  mean  flow 
of  3.150  c.f.s.  (<)o  cu.  ms.  sec.)  could  be  utilized  in  the  lowest  years 
of  record,  and  more  than  this  in  averaK*'  years. 


Available  Power.— W'wh  water  in  the  reserve-  at  a  mean  eleva- 
tion of  2J5  ft.  (77.4  ms.),  there  is  a  total  fall  10  tidewater  of  250 
ft.,  and  if  the  whole  of  this  fall  could  be  utilized  ^','X'o  hc.r=r-power 
could  be  developed  continuously  with  the  available  mean  flow  of 
3,400  c.f.s. 
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Allowance  must  be  made,  however,  for  the  backing 
tailwater  of  the  lower  plant  when  the  Fraser  River  is  in  fl( 
May,  June  and  July,  and  at  other  times  when  the  Stave  ] 
flood;  also  foi  variation  in  level  betw-een  the  tailrace  of 
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and  the  head  water  of  the  lower  plant.  Consequently 
head  available  for  the  full  development  must  be  taken  r 

With  this  fall  fully  developed,  a  maximum  demar 
(jo.ooo  kw.  on  a  load  factor  of  55  per  cent,  can  be  suppli( 

For  the  pro'^t'nr  the  flnw  line  nf  the  reservoir  will  not 
above  elevation  230  (/S.g  m.),  and  as  the  tailrace  of  the  i 
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is  fixed  at  elevation  no  feet  (42.4  ms.),  there  is  a  maximum  head 
of  120  feet  and  a  mean  head  of  no  feet  (33  ms.)  at  the  upper  plant. 
Under  these  conditions  a  mean  flow  of  3,150  c.f.s.  (go  c.m.s.) 
can  he  utilized,  and  a  maximum  demand  of  40,000  kw.  on  a  load 
f.Tctor  of  55  per  cent,  can  be  supplied. 
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Af£AN  Head 

By  increasing  the  height  of  the  dams  to  store  water  to  a  flow 
;  line  at  elevation  240  ft.   (82  ms.)— 3,500  c.f.s.   (>oo  c.m.s.)  could  be 
[Utilized  on  a  mean   head  of   iiS  ft.    (36  ms. ),  which  would   give  .->. 
maximum  capacity  of  47,000  kw.  on  55  per  cent,  load  factor. 


i 
I 


liMi 


22 


Figure  o  is  a  diagram  showing  the  mean  heads  oi 
house  for  any  given  flow  line  of  reservoir,  as  determin 
mass  diagrams. 

Figure  lo  is  a  diagram  showing  the  mean  kilowat 
day  that  could  be  generated  at  the  upper  plant  for  any 
line  of  reservoir.     This  curve  is  computed  from  the  cui 


head,  Fig.  o,  and  the  curve  of  mean  available  flow,  Fig. 
overall  eftici-'ncy  of  78  per  cent,  being  taken. 

For  the  use  of  the  power  house  operators  a  diagran 
not  reproduced  here,  has  been  prepared,   showing  the  < 
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I  heads  on  the  power 
determined  from  the 


each  foot  or  meter  m  di-pth  of  the  reservoir  for  generating  kilowatt 
hours. 
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Determination  of  Economic  Heiji^lit  of  /him. — The  physical  con- 
ditions at  Stave  Falls  are  such  that  consideration  of  cost  alone 
would  prevent  the  building  of  the  dams  to  elevation  270  ft.  (oi 
ms. ).  This  would  increase  the  reservoir  to  such  an  extent  as  to 
average  low  water  years  with  high,  so  that  a  mean  of  4,000  c.f.s. 
(113  cu.  ms.  per  sec.)  could  be  utilized.  The  total  head  available 
would  also  be  increased  from  225  to  255  feet  (68  to  78  ms. ),  and 
the  full  development  could  be  increased  from  <}o,no:->  to  ii7,<x)c)  kw. 
at  55  "j   load  factor. 

But  the  cost  of  making  this  addition  to  the  existing  works 
would  be  over  $i,5oo,(X)o  for  the  dams  alone,  and  besides  this  there 
would  be  expenditures  for  the  purchase  of  additional  submerged 
lands;  so  that  the  cost  of  obtaining  the  additional  27.CKX)  kw. 
would  be  nearly  $60  per  kw.,  exclusive  of  penstocks  and  power 
house. 

For  this,  or  for  any  other  similar  development,  a  curve  show- 
ing the  cost  of  the  dams  for  various  heights  can  be  worked  out. 
and  by  referring  this  curve  to  the  curve  showing  available  mean 
flow,  and  mean  head  for  any  given  flow  line — (Figs.  7,  8  and  0).  a 
curve  showing  cost  per  kilowatt  for  the  additional  power  obtained 
by  adding  to  the  height  of  the  dams,  can  readily  be  plotted,  and  the 
most   economical   development   can   be    determined. 

For  Stave  Falls,  a  flow  line  at  elevation  235  ft.  (80.5  ms.)  is 
the  most  economical  development. 

Only  a  small  part  of  the  information  1.  .arding  the  water 
supply  of  the  Stave  River  given  in  this  paper  was  available  in 
i()0(),  when  the  present  plant  was  designed  ;  consequently  the  selec- 
tion of  the  best  elevation  for  the  i\n\\  line  of  the  reservoir  was 
largely  a  matter  of  judgment. 

In  October,  ior«),  it  was  decided  to  take  elevation  230  ft. 
(78.(1  ms.)  as  the  flow  line,  to  acquire  all  the  lard  round  the 
margin  of  the  lake  hing  below  the  240  ft.  (82  m.)  contour,  and  to 
design  the  plant  for  a  mean  flow  of  3,o<'!0  c.f.s.    (85  c.m.s.). 

The  plant  has  been  designed  and  constructed  on  this  basis. 

77ic  Po-u'cr  House  Site.-  The  topography  in  the  immediate 
vicinity  of  the  present  development  is  shown  in  Fig.  11.  In  its 
natural  state  the  river  divided  into  two  branches  about  400  feet 
above  the  f.ills,  the  two  branches  uniting  half  a  mile  down- 
stream to  form  an  island.  .An  ancient  channel  known  as  the 
Blind   Slough,  is  shown   to  the  north   and  east  of  the  falls. 
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F's-  11.— Topography  at  Power  House  Site,  Stave  Fa 
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The  valley  of  the  Stave  is  bounded  by  a  mountain  of  granite  on 
the  east  side,  and  from  this  mountain  a  low  spur  of  rock  extends 
across  the  Blind  Slough  and  the  north  end  of  the  island,  forming 
the  ridge  over  which  the  river  falls. 
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On  the  west  side  of  the   river  this  rock   spur  takes  a  sudden 
.ip  where  n  abuts  .igainst  a  b--nch  of  glaci.ii  silts  and  clays  which 
^-ns  the  wester-   boundary  of  the  valley  at  this  point. 
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At  the  north  end  of  the  island  the  rock  at  the  bottoi 
river  lies  at  elevation  170  ft.  (60.7  ms. ),  and  both  chanr 
about   120  feet   (36  ms.)    wide. 

In  the  Blind  Slough  the  rock  bottom  lies  at  elevatioi 
(67  ms.)  for  fifty  feet  of  the  width,  and  between  200  an' 
(70  and  73  ms.)  for  400  ft.  (120  ms. )  of  the  width. 

The  engineers  of  the  Stave  Lake  Power  Company,  plar 
a  flow  line  at  elevation  207  ft.    (72  ms.),  sell       d  the  west 
of   the   river  for  the   intake  dam   and   power   house,    and 
channel   for  a    sluice   dam   to   control   the   floods,    which    1 
nearly  completed  by  the  summer  of  iqoo. 

When    the    Western    Canada    Power    Company,    Limit 
over  the  property  and  decided  to  build  for  a  flow  line  at 
230  ft.  (70  ms.)  they  adhered  to  the  location  of  the  intake  an 
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house  in  the  west  channel,   but   selected  the  Blind   Slouph 
permanent  flood  control  dam. 

.■\s  it  was  important  to  keep  the  initial  development  as 
possible,  it  was  decided  to  commence  operations  with  a  i 
at  elevation  210  ft.    (73  iiis.)  .nul  tu  add  to  the  height  of  t 
as  additional  power  was  required,  retaining  the  sluice  dar 
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c.ist  channel  for  flood  discharge  until  tbt'  flow  line  should  be  raised 
to  above  elevation  220  feet  (76  ms. ),  after  which  the  sluice  dam 
would  be  built  up  solid. 

From  the  foot  of  the  falls  in  the  west  channel,  where  the  power- 
house is  located,  to  the  south  end  of  the  island  where  the  west 
channel  rejoins  the  main  stream,  there  is  a  fall  of  (x>  feet  (iS  ms.). 
To  have  taken  advantage  of  the  whole  of  this  fall  would  have 
involved  very  great  expense  for  tailrace  excavation  or  penstocks 
over  1,500  feet  (450  ms.)  long.  It  was  therefore  decided  to  locate 
the  powerhouse  in  a  rock  exca'Mtion  at  the  foot  of  the  falls,  and  to 
excavate  the  west  channel  to  a  sufKcient  depth  to  form  a  tailrace 
with  water  at  elevation  no  ft.  (42.4  ms.). 

With  this  location  the  penstocks  are  not  more  than  150  feet 
{45  ms.)  long;  thus  giving  almost  ideal  conditions  for  regulation 
of  speed,  a  point  of  the  very  firs'  importance  where  turbines  have 
to  meet  the  fluctuating  demai  ds  of  a  general  power  supply. 

The  Hulraulic  Generators. — The  hydraulic  condition  ..overn- 
ing  the  choice  of  turbine  units  may  be  summarized  as  follows:  — 

.Maximum  Head — reservoir  full 120      ft.  36  ms. 

Mean  Head        no      "  33     '• 

.Minimum  Head — reservoir  empty  .  .  .       100      "  30     " 

Maximum   variation  in  tailrace   level          2.5"  75  c.m.s. 

Maximum  velocity  of  water  in  pen- 
stocks                 iS      ft.  p.  2.4  ms.  p. 

sec.  sec. 

Mean  flow  to  be  utilized  for  generat- 
ing power     3,000  c.f.s.  S5  c.m.s. 

Maximum    flow     to    be    utilized     for 

generating  power      5,000  c.f.s.  141  c.m.s. 

The  power  house  was  laid  out  for  four  turbines,  each  to  de- 
velop i3,oix>  brake  h.p.  under  mean  head;  with  a  penstock  14'^'' 
(4.42  ms.)  diam. 

The  general  arrangement  of  the  plant  is  shown  in  plan  and 
elevation  in  Figs.   12  and  13. 

The  turbine  chosen  as  most  suitable  to  fill  all  the  conditions, 
was  of  the  double  horizontal  Francis  type,  with  central  discharge, 
running  at  a  speed  of  225  r.p.m.,  and  enclosed  in  a  cylindrical  flume 
with  penstock  connected  axially.  The  volute  ca  ing  was  considered 
but  not  adopted,  on  account  of  the  great  cost  of  building  such  a 
casiiig  for  so  large  a  volume  of  water. 

Had  this  plant  been  designed  three  or  four  years  later  the 
vertical  type  of  single  runner  Francis  wheel  would,  without  doubt. 
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have  been  adopted,  not  only  on  account  of  its  higher  efficii 
because  it  would  have  made  possible  a  very  material  savir 
cost  of  the  power  house. 

The  turbines  were    built    by  the    Eschrr    Wyss    Coir 
Zurich,  Switzerland.     They  are  shown  in  cross  section  in 
It  will  be  noticed  that  there  is  no  intermediate  bearing, 
{14.2  inches  in  diam.)   being  stiff  enough  to  need  no  su] 


Citeas  Section   or    13.000  H.P  Tu0bihc. 

Head  m     m  M. 

Dixharft  =.  3T,SO0L/Ste. 


Fig.  14.— Cross  Section  of  13,000  H.P.  Turbine. 

tween    the    outer    bearings,    thus    removing    the    obstruct! 
middle  bearing  to  the  discharge  of  the  water  in  the  draft  1 

The  casing  is  18  ft.  in  diameter  and  built  of  M-in.  si 
with  very  heavy  forged  steel  flanges.  It  is  divided  a 
horizontal  diameter,  to  admit  of  easy  erection  and  repair. 

The  end  plate  of  the  casing  is  of  cast  steel  designed 
stand  a  total  thrust  of  nearly  1,000  tons  which  may  come 
when  the  governor  suddenly  shuts  the  gates,  under  full 
hrad.  The  runners  .ire  63  inches  ( i6n  cms.)  Hi;ini  ,  p,nd 
steel  plates  cast  into  cast  steel  hubs.  The  bearings  ar 
cooled,  the  larger  one  being  1534'  inches  (40  cms.)  diainet 
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The  draft  tubes  are  built  in  concrete  to  a  carefully  designed 
e.\panding  section  commencing  with  a  circle  10' 8'  diam.,  and  end- 
ing in  a  rectangle  y'  s'  x  21'  (j".  The  velocity  of  the  water  when  the 
turbine  is  discharging  i,.3(x)  c.f.s.  is  reduced  gradually  from  14.6 
ft.  per  sec.  at  the  top  of  the  draft  tu'uc  to  6. -5  ft  per  second  at  its 
outlet. 

The  governor  is  of  the  F.scher  Wyss  hydraulit  type  operating 
with  oil  under  a  pressure  of  3fK>  lbs.  per  sq.  inch  (21  kilog.  per 
sq,  cm.).  The  oil  is  supplied  from  a  central  pumping  plant 
through  a  ring  pipe  system. 

1  here  arc  two  high  pressure  three  throw  oil  pumps  each 
operated  by  an  impulse  wheel.  F",ai  h  pump  takes  its  water  from 
cither  exciter  pipe  and  is  capable  1  supplying  all  four  turbines. 
The  pump  runs  continuously  dischai  ing  oil  through  a  relief  valve 
into  the  suction  tank  when  oil  is  not  being  taken  by  the  governors, 
and  maintaining  a  receiver  two-thirds  full  of  oil  and  one-third  full 
of  air  under  pressure  ready  to  provide  for  sudden  large  movements 
of  the  governors. 

These  governors  are  very  sensitive  and  very  sure  in  their 
action,  and  acting  on  a  turbine  which  has  so  short  a  penstock  and 
a  flywheel  provided  by  the  rotor  of  the  dynamo  which  weights  65 
tons,  they  give  very  satisfactory  regulation. 

The  exciters  are  driven  by  two  500  h.p.  single  runner  Francis 
wheels,  with  \-olute  cases^taking  their  water  from  two  46  inch 
steel  penstocks. 

The  turbines  were  built  on  a  guarantee  of  83  per  cent,  effici- 
ency PL  full  load  and  no  ft.  head.  I'nder  107  ft.  head  they  have 
developed   10,000  kw.   of  electric  power. 

Ehclrical  Equipment. — ."^s  this  paper  deals  with  the  hydraulic 
features  of  the  Stave  River  development,  a  brief  description  of  the 
electrical  equipment  will  be  sufficient  here. 

The  generators,  exciters  and  transformers  were  built  by  the 
Canadian   General    Electric   Company. 

The  generators  are  3-phase,  60-cycie,  4,400-volt  machines  rated 
at  8,825  k.v.a.,  with  40  deg.  cent.,  and  11,031  k.v.a.  with  55  deg. 
cent,  temperature  rise. 

There  are  two  exciters  of  250  kw.  capacity  each.  There  are 
twelve  3,000  kw.  water-cooled  oil-insulated  transformers  arranged 
in  three  banks  to  step  up  from  4,400  to  60,000  volts. 

The  switchboards  consist  of  60,000,  4,000  and  12,000-volt  oil 
■^.vKih  equipment,  with  a  vertical  panel  control  board,  and  were 
made  by  the  Canadian  Westinghouse  Company. 
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lean-to   alonn'   the   si< 
total  of  47."  *' 


The  foundations  were  ex.  avated  in   solul  m, 
reinforced  cmcr,.,,-.  h        ■"■•';  _,^,„,.  ,„„„  „,„  „„, 

:3t^L:':r;:;rir^..:;';..-"."" .............. 

,„,er  story  ..f  the  lean-to  bu,td,n«.  ;^"f  ;      ;^^.,,  ,,„,,a  ,n 

;,re  separated  bv  reinfo.ccd  concrete  barriers  which 

P^-^'^^-  .    ,  ^„„t,in,ri   in    the   ri.oni    a!)ovc    the 

.„ -.^-^..r^ri^'liU^t.:.,.. - 

roof. 

;°  1™  ™:' ';  Li  an^'cv  ...........  ....^  h.......  .............  »- 

!;'.,«,  r...  v.l,,   ..f   ....k  ...Tc  ...k.n  <■..' 

turbines   b>     carr>in>, 

involved  would  have  been   too  lar«e.  ,„nMder,-.hle 

As   the   ta.lrace  discharges   -to   •>   <  ban  •       ^^^^^^^    ^^    .^^, 

fall,    some    provision    was    nere>sar>    to    k  ,       t,  ^ 

p.,.er  house  at  approxintatelv  '^^^^'^-^^^l^^.  ,J,,  ,.„,  ,.. 

,„.  V-shaped  --;-;-:r:;:;^  7,;;;    V   po.t,   to   „n.   po.e. 

b»,ow   the  power  hou.. .     The   P  .^^^^    ^^^   ^^^    ^^_„ 

ncuse,   and   the   weir   is   3.K,   feet   lont,  ^  ^^^_    ^_^.^ 

discharpe  of  the  four  turbines  with  .   ranK. 

water  not  exceedinp  30  inches. 

,       . ,-     ,  .    f.    f.  in     (  1  1  >  cm. )   in- 

'r"T"^  3r"::r  whidrar:   Embedded    ,n    the   con- 

side  diameter.     7^'/^' 'Vbelled  out  to  a  diameter  of  10  ft.    (5*^0 

Crete  of  the  intake  dam  are  belkd  out  ^^^  ^^^^ 

cms  )      The  maximum  velocity  of  th.    w.-t-r  ..t 
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bellniouth  is  4.6  ft.  per  sol.  11.4  ni.  per  sc(.),  and  in  the  pcn'^torks 
it  is  8  ft.  per  se^-.   Ii.4  m.  per  scr. ). 

The  penstocks  were  fabricated  in  a  Vancouver  shop,  the  plates 
bcinp  made  in  Scotland  under  riffid  specifications  and  shipped  to 
Vancouver  via  the  Suez  Canal.  The  plates  at  the  upper  end  are 
'i-in.  thick,  and  at  the  lower  end  V-in.  thick.  The  rinjfs  are  8 
ft.    wide,  and  formed   of  three   sheets    16   ft.   Iimik. 

The  rinjf  seams  are  double  rivetted,  lonjfitudinal  seams  triple 
rivetted.  .AH  holes  were  punched  i  16-in.  small,  and  reamed  out 
after  assembling  in   the   shop. 

Fverv  alternate  rinK  is  stiffened  by  a  s"  .\  5"  x  '!■"  anjrle  rivetted 
to  the  outsi^;  •.  In  the  third  and  fotuth  penstocks  each  ring  is 
stiffened  by  a  (>'  .\  4' x  'a"  an^rle. 

For  the  greater  part  of  the  ien^th  the  penstocks  are  supported 
in  concrete  up  to  the  centre  line,  and  at  the  entrance  to  the  power 
house  they  are  entirely  enclosed  in  a  heavy  ma>s  of  concrete. 

There  are  two  sep.irate  4fi-in.  steel  penstocks  for  the  exciter 
and  oil  pumps. 


hitiikc  Dam. — The  intake  dam  is  a  gravity  section  concrete 
dam  founded  on  fifranitc.  It  is  if)o  f,  lon^r.  and  when  finished 
to  the  full  helKht  will  be  70  feet  hifi-h.  There  are  four  main  in- 
takes separated  from  one  another  by  piers  11  f^et  wide,  projecting' 
upstream  from  the  face  of  the  dam  proper,  and  formin,i?  four  ;;a'e 
chambers,  iq  feet  wide  and  24  feet  loner.  The  pate  chambers  for 
the  exciter  pipes  are  set  in  the  concrete  dam  to  the  east  of  the 
main  pate  chambers,  and  the  water  reaches  them  throuffh  a  short 
tunnel  in  the  concrete.  Across  the  whole  upstream  side  of  thn 
dam  there  is  a  screen   120  feet  wide,  set  on  a  slope  of  45  degree- 

The  R-ranite  which  forms  the  foundation  of  the  dam,  although 
joint<>d  in  all  directions,  is  very  impervious.  There  was  only  one 
place  found  where  any  water  made  its  wa\-  through  fissures  in  the 
rock,  and  this  was  easily  taken  care  of  by  a  4-i'ich  drain.  The 
surface  of  the  rock  was  excavated  to  a  considerable  depth,  and  a 
thoroughly  good  foundation  with  plenty  of  irregularities,  to  form 
securitv  against  sliding,  was  secured.  .As  an  additional  precaution 
2-inch  steel  rods,  spaced  five  feet  apart  were  set  five  feet  deep 
all  over  the  foundations.  .\  further  point  of  security  lies  in  the 
arrangement  of  the  rock  abutments,  between  which  the  dam  sets  as 
a  wedge. 

The  ii.  ike  gates  are  of  the  radial  type  and  were  designed 
and  built  bv  the  F.scher  Wyss  Company.  They  close  an  opening 
approximately  20  feet  square,  the  bottom  sill  of  which  will  be  45 
feet    below     he   hiirli  ■    Uer   line   when   the    dam    is   completed.     The 
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Katr-  wcijih  2\  tons  i-..(  h.  and  .ire  opiTati'd  by  an  ilottric  alK -drivci 
winih,  controllfd  trorii  the  power  hi>u>f  sw  it(  hboard.  The  wat.r 
seal  at  llic  ^idi  ^  of  the  Kati'>  i>  niadi'  1)V  x  jfnunts  built  up  of  >lrip'~ 
ft  oak,  uhidi  arc  tne  t,i  move  laterally,  so  that  the  i)ris-ure  of  the 
water  fortes  thein  aKain-t  the  sidt  s  of  the  K-"''  (haiiibcr. 

The  Kate  i  hatiil)i  i  i-  necessarily  larRe.  and  forms  a  very 
eth(icnt  entr\  to  the  penshxks,  and  the  t-atr  itself  is  <asily 
operated. 

For  this  dam  the  >  t  ot  radia!  Rates  was  abmit  thi'  sami'  as  the 
(ost  of  Stonev  roll.r  Ka-s  but  the  radial  K-i'<'-  involve  (onsider- 
abh  more  (ost  in  the  structure  of  the  intake,  both  on  adount 
nf  the  lenKth  of  Rate  rhainber  r,'(|uiird,  and  of  the  added  wciifht 
of  m.is(inr\  neressarx  to  overcome  uplilt  dih  to  jiossible  pressuie 
of  w  .ter  below  the  K'He  chamber  floor  when  the  >,Mte  is  <  losed.  I'or 
this  ic.ison,  ill,'  .lulhor  would  in  future  use  Stoniy  .i;ates  v.  a  si:]ula, 
situation,  thouKh  wh;re  the  radi  il  nates  cin  be  rnstallcd  without 
inireasinn   the   <  ost   of   structures.   the>    are   pretcrable. 

In  front  of  the  nate  thaniber,  stup  loj.  (hecks  are  provided 
for  einerKcnty  or  n  i)air  work. 

The  sereins  arc  supported  on  a  < ombination  of  reinforced 
concrete  piers  and  structural  ste.l.  They  are  not  Iniilt  so  he. ivy  as 
Usual  as  ice  never  forms  in  the  river,  and  so  little  di  if t  .nets  to  the 
s(  reen  th.it  even  in  flood  time  .ittention  is  nrcessarv  onl\  li>r  ,i 
few  minutis  on<  i'  or  twice  a  day. 

On  the  west  side  of  the  dam,  where  the  rock  .ibutment  dips  at 
.1  sharp  anRle,  and  is  overlain  w  ith  .i  heavy  deposit  of  Kl'i<'i'>l  nie.il, 
a  core  trench  is  to  be  sunk  to  a  suttit  ient  dejith  and  filled  with  con- 
crete, to  ensure  apainst  an\  possibilit\  of  seepage  alonn  the  con- 
tact between  the  rock  and  the  nlacial  silts,  when  the  water  is  raised 
to  the  higher  levels. 


Sluice  /hull.  -Thf  sluice  d.im  w.is  the  first  piece  of  construc- 
tion work  undertaken  by  the  St.ivc-  Lake-  Power  Comp.iny.  It  was 
designed  to  take  the  whole  flood  discharge  of  the  river,  at  a  flow 
line    too   low     to   make    the    lilind     .SlouKh    available    for     spillway. 


As   the   total    lenRtn    of   the    d.im    was   onlv 


feet.    ,ind    as   drift 


.md   huR-e  loRs  had   to  be  passed,   .in  overflow    dam   was   out  of   the 
riuestion. 

The  sluice  dam  is  of  the  same  design  as  the  Chaudiere  dam  at 
Ottawa.  It  consists  of  reinforced  concrete  piers.  S  feet  wide,  with 
five  sluice  ways,  22  teet  wide  closed  by  stop  lops.  The  stop  Iors 
•ire  made  of  cle.ir  Dounl.is  Fir— 22  feet  lonn  x  ifi-inch  x  24-inch  ; 
they  are  bolted  to.u'ether  in  pairs  with  a  5ii-inch  steel  plate  between 
them  to  nive  additional   stren.Rth.     The>-  are  raised  and  lowered  by 
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m.an,   .,f   an   dr.  ,nr..llv.o„..r,.,..d    «,n,h    Innl,    ,„   th.-    s..,,...   d.-M..n 
as  those  <n  use  at  the  Ch.uH.en-  ,l.,m  ^" 

On  the  whole  the  s,„p  lo«s  and  the  arrangements  for  handling 
^r  Tte  ,Mn"::7  ^"f  "->•  ^^  '^^'P'^^  •-><'«  the  bridge  n.!^ 
Tr  K      ^^  *''*''"''■    '''■"'''^    "'••'"    'his.    ,t    is    difficult 

I  he  stop  loj.  dam.  when  properlv  .lesijfncd.  is  .,  verv  suit  .hie 
-d  eeonom.,.,  ,vp..  .,f  dam   for  re.ula.in,;  a  n;ervoi,^  ^  r^e  1^ 

HuriMK   ,h,.  summer  of    ,o,,,   the  foundations   were  nut   in   fn, 
ra.s.,,^   the   dam   to    its   full    height.        I„   exr..vatin.r  o^,^  ,"„'" 
oundatton.     several   pot   holes   were  opened   up.   one  o     them   f.rt^ 
M.t  <leep.  almost  under  the  toe  of  the  exi^in^^  dam       This  even  . 
.on  .^..ve  a  ^ood  indication  of  the  water  ti.^htness  of  th       ock      or 
1     ..u.h     he   bottom   of  the  pot  hole  was   nearlv  S,,  f...,t   bel^w  th 
".It.  r  level,  there  was  no  sipn  of  seepage 

Th..  drm  will  be  compl..ted  to  its  full  h.i^ht  as  a  solid  gravity 

oi  .It  trie  Himd  SUniph  d.ini. 

Blind  Slou,.h  forms  a  natural  rock  spillway  dam.  4<«  feet  lone  w  t h 
a  ch.'.nn..l  50  feet  wide,  and  .0  feet  deep  at  one  side 

.At  th..  pres..nt  time  the  rhannel  is  dosed  bv  a  timber  crib  d-.m 
which  forms  a  temporary  spilKvay  450  feet  lon^  at  elevation  .^s' 

The  permanent  dam  will  be  a  lo^  sluice  dam  with  concrete 
P.ers.  similar  in  «:eneral  design  to  the  existing  sluice  d.ambr- 
having  two  steel  undersluices  in  the  deep  section 

F,<t.re  De7-ehp,„e>,(s.-From  the  tailrace  level  of  the  existing 
Plnrit  to  mean  tide  level  at  the  mouth  of  the  Stave  River,  therfis^ 
otal  fall  of  .,U  feet      The  daily  ran^^e  of  the  tide  is  about  tour  feH 
..  June  and  July,  .hen  the  Fraser  River  is  in  flood,  the  wate    r^'v 

Dun^.T  r"  ^r-j'^'^"^^  -  f-  -  'he  usual  maximuni  rT^ 
Dur,n«:  Stave  River  freshets,  the  water  near  the  mouth  of  the  river 
may  rise  several  feet. 

FilP^'  ^T^'V'l  "'"'n""  ""'  '""^'■""^^  hy  the  dam  at  Stave 
Falls    and  as  the  Fraser  River  floods  affect  the  situation  for  ll 
•.aan  two  months  .n  the  year-it  is  feasible  to  design  future  develop 
ments  to  utilize  a  fall  of  130  feet.  ae\ciop- 

This  could  be  devdoped  in  one  plant  by  building  a  dam  in  the 
narrow   gorfi^e   just   above   the  mouth   of  the   river.  Id   drivin J  a 
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2,ooo-foot  tunnel  for  the  penstocks.  The  dam  would  back  the 
water  up  to  the  tailrace  of  the  existing  plant,  forminfi:  a  storage 
reservoir  that  would  be  large  enouj<h  to  hold  a  day's  supply  for 
the  plant  with  a  variation  in  head  of  less  than   lo  feet. 

The  dam  would  have  a  maximum  height  of  170  feet  in  a 
channel  100  feet  wide,  though  outside  of  the  channel  it  would  not 
be  more  than  100  feet  high. 

While  this  development  would  be  quite  economical  for  the  full 
capacity  of  plant,  the  initial  cost  would  be  high,  as  the  dam  alone 
would  cost  $1,000,000. 

.As  the  full  development  will  not  be  required  for  a  number  of 
years,  and  as  it  is  important  that  expenditures  on  future  construc- 
tion shall  not  be  made  further  in  advance  of  actual  demand  than 
absolutely  necessary,  a  plan  is  under  consideration  for  the  develop- 
ment in  two  plants,  each  operating  under  a  head  of  65   feet. 

The  lower  canyon  allows  of  a  very  economical  development 
under  this  head,  and  a  good  site  for  the  middle  plant  exists  about 
two  miles  below  Stave  Falls. 

Both  these  plants  would  be  designed  for  single  runner  vertical 
turbines    of   from    10,000  to    12,000  h.p.    capacity. 

Ry  the  adoption  of  this  plan  of  development,  the  Western  Canada 
Power  Company,  Limited,  can  increase  its  plant  capacity  step  by 
step,  to  keep  pace  with  the  demand  for  power,  until  it  has  installed 
a  total  of  120.000  h.p. 

CoNci.rsioN. 

The  .lUthor  has  endeavoured  to  bring  out  the  general  principles 
th.;t  must  be  followed  in  the  development  of  power  from  any  im- 
portant watershed,  and  would  emphasize  the  following  points: — 

A. — That  far  the  most  important  consideration  in  western 
development  is  the  determination  of  the  conditions  governing  the 
amount  of  storage  capacity  required  for  the  economical  development 
of  the  watershed. 

B. — That  until  this  determination  has  been  made,  no  power 
plant  plans  can  be  intelligently  laid  out. 

C. — That  when  this  determination  hr.<  been  made  it  will  nearly 
always  be  possible  to  lay  out  a  progressive  pl,\n  of  development  so 
that  the  unit  cost  of  the  initial  plant  does  not  bear  too  high  a  pro- 
portion to  the  unit  cost  of  the  complete  development. 
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Fig.  15.— The  Power  House,  showing  two  penstoclts  and 
tailrace  weir. 


Fig.  16.— The  Power  House  and  Tailrace. 


Fl«.  17.— Power 


House  interior,  showing  two  turbines. 
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Fig.  19. — A  CO.OOO  cu.  ft.  per  sec.  flaod  passing  throush  tlie 
Sluice  Dam,     Intalte  Dam  in  background. 


Fig.  20.— A  30,000  cu.  ft.  per  sec.  flood  discharging  through 
Sluice  Dam  and  passing  over  Stave  Falls. 
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Fig.  21.— Intake  0am  on  right— Sluice  O 
elevation  210  ft. 


am  on  left.    Water  at 


Fig.  22.-lntak9  Dam  in  back^ro.  nd-siuloe  Dam  |„  for- 
ground.    Water  at  Elevation  210  ft.  ' 
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Fig.  23.— Blind  Siough  Temporary  Dam  discharging  water. 
Top  of  Crib  Dam  at  Elevation  218  ft. 


Fig.  24.— Blind  Siough  Dam  Site  and  existing  Crib  Dam. 
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ng.  M.-The  C.nyn-.,t,  .for  lower  d.v..opm«„, 
looking  upstream. 


FIR.  26.-Th.  C.n>.„-,.t.  for  lower  development, 
looking  downstrMim. 
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Fig.  27. — View  of  Mount  Baldy  from  Stave  Lake. 
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Fig.  28.— View  of  Stave  Lal«e. 


